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Recycling glass waste for developing sustainable cementitious mortar and concrete have recently 
attracted increasing attentions for the construction industry. From another aspect, the nitrate-based 
environment due to chemical fertilizers has a significant effect on reinforced concrete and normal con- 
crete by producing damages like its microstructure, corrosion of reinforcement. The major goal of this 
research work is to study the effect of Ammonium Nitrate (NH4,NO3) on the unite weight and strength 
of glass mortar by performing experimental tests. In this article, eco-friendly mortar containing recycled 
glass powder (GP), as a replacement to cement, is submerged in NH4NO; solutions. In total, 60 cement 
mortar mixtures were proportioned in this research work used GP passing sieves 200 um. NH,NO3 solu- 
tions with 5, 10, and 20% concentration, and three different exposure periods 10, 30, and 60 days were 
applied. The experimental results showed that the effect of NH4NO3 on the density of mortar containing 
GP is less critical than that of conventional mortar. After 60 days of immersion in the solution with a con- 
centration of 20% NH4NO3;, the reduction in density of glassy mortar is less than that of ordinary mortar. 
Furthermore, the results indicated that the maximum compressive strength was attained at 10% replace- 
ment level of cement with GP by approximately 60 MPa after 60 days of immersion in NH4NO; solution. 
Copyright © 2022 Elsevier Ltd. All rights reserved. 
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1. Introduction 


Therefore, utilizing GP as a cement replacement would produce 
a cleaner environment. There is a growing interest in the idea of 


The production of cement is involved in energy consumption 
and produces an enormous amount of carbon dioxide, which has 
a greenhouse effect. Using supplementary cementitious material 
and waste materials is an effective method to reduce the cement 
industry’s cost and carbon dioxide emission [1-3]. Therefore, sus- 
tainable concrete is urgently needed for building and construction. 
Nowadays, the Glass Powder (GP) modified the mechanical proper- 
ties concrete is getting more popular because of cheaper rate and 
easy availability especially for construction building [4-8]. Gener- 
ally, about 15-20% replacement of OPC with GP gives better 
mechanical properties results such as the compressive strength 
[5,6,9-12]. 
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eco-friendly concrete in some storage tanks within the agricultural 
industry exposed to silage cause deterioration of concrete due to 
containing lactic, and acetic acid has a pH value of approximately 
4 [13-15]. There are series of chemical reactions occur between 
the nitrate solution and hydrated cement past [16-22]. Interest- 
ingly, several studies have shown the adverse effects of nitrate 
compounds [21,23-29]. 

GP has been used by several researchers in conventional con- 
crete [30-33], geopolymer concrete [34-36], and cementitious 
environment [18,37,38]. This study investigates the use of GP as 
cement replacement material leaching in nitrate solutions and 
considers their effects on the physical and mechanical properties 
of the resulting mortar. Mortar, instead of concrete, was considered 
in this study because of the straightforward nature of the material 
behaviour, which can better indicate the effects of the studied 
materials. For instance, experimental tests on mortar are more 
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controllable than those on concrete [39]. Most conclusions drawn 
from the observations on mortar in this study can be transferable 
to concrete, which has coarse aggregates as an additional phase 
[40]. 


2. Research significance 


The storage of chemical fertilizers in concrete buildings often 
leads to durability problems due to chemical attacks. The damage 
of concrete is mostly caused by certain ammonium salts. Few stud- 
ies have examined the effect of ammonium nitrate on concretes 
properties after long periods of exposure. The objective of this 
research was to observe the effect of ammonium nitrate on prop- 
erties of cement mortar contained glass powder passing sieve 
200 um. 


3. Experimental program 
3.1. Materials used 


Ordinary Portland cement CEM I 52.5 N obtained from Arish, 
Egypt was used in this study, the physical and chemical properties 
were Satisfied to the requirements of ASTM C 150 specifications, 
the physical and chemical properties of cement are summarized 
in Table 1. The recycled glass powder GP used in this study, was 


Table 1 

Physical properties and oxide compositions of cement and GP. 
Property OPC GP 
Specific gravity 3.15 2.33 
Fineness, cm?/gm 3460 3319 
Loss on ignition, % 0.9 - 
CaO, % 65 11 
SiO2, % 20.6 68 
Al203, % 46 7 
Fe203, % 2.7 1 
Mgo, % 2.4 1 
SO3, % 2.1 0.4 
NaO,, % 0.13 12 
K203 % 0.49 1 
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obtained by crushing recycled glass which passing sieves 
200 um. The physical and chemical properties of GP are summa- 
rized in Table 1; Fig. 1. shows the preparation procedure used to 
obtain GP (see Figs. 2,3). 

Locally available river sand was used as natural fine aggregate 
in saturated surface-dry condition; Table 2 shows the grading size 
distribution of fine aggregate, the specific gravity and water 
absorption of the fine aggregates are typically 2.6 and 0.57%, 
respectively, and the maximum sieve size for the fine aggregate 
is 600 um were determined in accordance with ASTM C128. The 
samples were placed in NH4NO; solutions with different concen- 
tration 5%, 10%, and 20%. 


3.2. Mixture proportions and specimen preparation 


The mixture proportion of the cement:sand was 1:3 with con- 
stant w/c 0.4. Replacement of GP was varied from 0 to 30% with 
the mass of cement. Mixture proportioning was done for the 
M50 grade of mortar with a target cube strength of 60 MPa; details 
are presented in Table 3. In total, 60 cement mortar mixtures were 
proportioned in this research work used GP passing sieves 200 um. 
In each mixture, nine 50 mm cube specimens, in total, 340 cement 
mortar cube specimens were cast to study the unit weight, water 
absorption, and compressive strength of cement mortar at various 
ages 7, 28, and 60 days. Then they were stored in the solution NH4- 
NO; with 5%, 10%, and 20% concentration for several periods 
10 days, 30 days, and 60 days. The eight cement mortar mixtures 
conducted in this study were made by varying the following 
parameters: 


Percentage of replacement with GP; 
Concentration of the solution NH4,NO3; 
Period of immerse in NH,NO3 solution; 


a 
b 
c 
d) Curing age. 


Vewew 


4. Results and discussions 
4.1. Unit weight 
The unit weight was measured according to ASTM C 150-21 


[41]. The detailed results for unit weight are given in Figs. 4-6 
and Table 4. The obtained results indicate that the glassy mortar 


Fig. 1. Preparation of GP. 
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Fig. 2. Preparing Ammonium Nitrate solutions. 


Fig. 3. Specimens exposed to NH4NO; solutions. 


Table 2 

Grading size distribution of sand. 
Sieve No. Sieve Opening (mm) Percentage of Passing (%) 
#30 0.6 98 
#40 0.4 70 
#50 0.3 25 
#100 0.15 0 

Table 3 

Mixture proportions of all mixtures (kg/m*). 
Mixture ID cement OPC GP sand water w/c 
CTL-1 500 - 800 200 0.4 
MI-10 450 50 800 200 0.4 
MI-20 400 100 800 200 0.4 
MI-30 350 150 800 200 0.4 


densities decrease with the increase in GP% and with the increase 
in the concentration of NH4NO; with time. The capillary system in 
cement paste increases significantly due to leaching of NH,NO3 
solutions with a concentration of 20% immersed for 60 days as 
shown in Fig. 6. However, the permeability mortars containing 
GP was decreased at a later age and that is different from than 
CTL-1 mix. That behaviour could be attributed to the increase of 
calcium-silicate-hydrate (C-S-H) due to ultra-fine GP. Therefore, 
the hydrated C-S-H fills the pores and resulting in a mortar with 
low porosity [4,6,7,10,42]. 
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Fig. 4. The comparison of density variation with time for 5% NH4NO; solution. 
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Fig. 5. The comparison of density variation with time for 10% NH4NO; solution. 
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Fig. 6. The comparison of density variation with time for 20% NH4NO3 solution. 


Ismail and Al-Hashmi [43] reported that the fresh density of 
cementitious composites mixtures decreased by 1.26%, 1.96% and 
2.26% with the inclusion of 10%, 15% and 20% waste glass (size 
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Table 4 
Effect of Concentration of NH4NO3 on unit weight on GM mixtures. 


Mixture ID Time of Immersion, days Unit weight, gm/cm? 
Concentration of NH4NO3 
5% 10% 20% 
CTL-1 10 2.3 2.3 2.3 
30 2.29 2.28 2.27 
60 2.28 2.26 2.24 
MI-10 10 2.41 2.41 2.4 
30 24 2.4 2.39 
60 2.39 2.38 2.37 
MI-20 10 2.37 2.36 2.36 
30 2.36 2.35 2.33 
60 2.34 2.33 2.32 
MI-30 10 2.25 2.25 2.25 
30 2.25 2.24 2.23 
60 2.24 2.23 2.22 
Table 5 


Effect NH4NO3 on compressive strength of GM mixtures. 


Mixture ID Time of Immersion, days Compressive strength, 
MPa 
Concentration of NH,NO3 
5% 10% 20% 
CTL-1 10 61 59 56 
30 56 54 49 
60 52 49 44 
MI-10 10 60 60 58 
30 59 58 54 
60 55 55 51 
MI-20 10 53 53 51 
30 52 48 47 
60 49 48 45 
MI-30 10 51 51 48 
30 50 46 44 
60 46 44 42 


4.75-0.15 mm) as replacement, by weight. Batayneh et al. [12] 
reported a reduction in the fresh unit weight of concrete mixtures 
containing crushed waste glass (close to lower limit of the speci- 
fied fine aggregate limits according to BS 882:1992). The reduction 
in the fresh unit weight was 0.24%, 0.15%, 0.71% and 0.84% with the 
inclusion of 5%, 10%, 15% and 20% glass, respectively. From the pre- 
vious literature, it can be noted that the inclusion of GP decreases 
the density. This reduction in the density can be attributed to the 
lower specific gravity and the lower density of GP compared to 
cement [44]. 


4.2. Compressive strength 


The effect of various parameters, such as replacement of GP, and 
age, with the different concentrations of NH4NO3 solution, on com- 
pressive strength, are discussed in this section. The reduction in 
compressive strength of glassy mortars was found to be decreased 
with an increase in replacement of cement with GP. The maximum 
compressive strength was attained at 10% replacement level of 
cement with GP by approximately 60 MPa and reference mix 
was 61 MPa. It can also be inferred those small particles of GP 
improved the particle packing and, hence, enhanced the compres- 
sive strength in cement mortar exposed to NH,4NO3 solution. 
Table 5 and Figs. 7-9 show that the compressive strength of glassy 
mortar decreased with an increase in the concentration of NH4zNO3 
solution. When cement was 20% replaced with GP, compressive 
strength of mortar was comparably equal or marginally less than 
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Fig. 7. Percentage of reduction for compressive strength exposed to 5% NH4NO3 
solution. 
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Fig. 8. Percentage of reduction for compressive strength exposed to 10% NH,NO3 
solution. 
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Fig. 9. Percentage of reduction for compressive strength exposed to 20% NH,NO3 
solution. 


reference mortar mixtures, depending on concentrations of NH4- 
NO; solution. The compressive strength decreased at long ages 
which could be attributed to anionic forms of silicate and late poly- 
merization. The resulting pH level was not conducive to stable 
molecular forms and it was more difficult to form the coagulated 
structure, thus resulting in lower rates of polymer formation. 

In general, replacing cement by GP was improved the compres- 
sive strength of cement mortars with substitution level up to 20%. 
The results agree with the earlier field investigation by Nassar and 
Soroushian (2011) and Islam et al., [45,46]. Review by Rashed 
(2014) indicated that overall there is a contradiction; some 
reported strength increment while other reported decrease in 
strength [44] in mortar. 


5. Conclusion 


Based on the test results, the following conclusions are drawn: 
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. Using GP as a replacement to cement led to increase the global 
density of mortar samples. At 10% and 20% replacement level, 
the density increased by 3% and 4.8%. 

. The unit weight of all mortar samples including glassy mortars 
was decreased with increasing the concentration rate of NH4- 
NOs, this reduction in unit weight could be attributed to the 
decomposition of some components of mortar. 

. The compressive strength of mortar samples containing GP was 
improved with increasing the replacement level up to 20%. In 
20% NH4NO; solution and after 60 days, the reduction percent- 
ages of compressive strength for reference mix, MI-10 and MI- 
20 were 27.8%, 16.3%, and 26.2%. 

. Replacement of cement with 20 % GP can be practiced for the 
production of glassy mortar because there is a comparable 
achievement of strength with the reference mixture. 

. GP mortars compared with control mixes had a good behaviour 
in external exposure curing with the NH4NO; solution (specifi- 
cally, a residual strength) due to its 10% replacement with GP. 
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